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Abstract. We report onXMM-Newton observations of three nearby galaxy pairs, AM0707-273, AM1211-465, and AM2040-
674. All six galaxies were previously classified as HII galaxies based on optical and IR spectroscopic analysis. All galaxies
were detected withXMM-Newton and each member was isolated and analyzed independently. The X-ray spectra reveal strong
evidence of AGN activity in the NE member of AM1211-465 pair.We measured a luminosity of 1.94+0.11

−0.15 × 1042 erg/s in the
2-10 keV band and the presence of a neutral FeKα line with a confidence level of 98.8%. The high nH value, 2.2 ± 0.2× 1022

cm−2, would explain the misclassification of the source. Marginal evidence of AGN nature was found in the X-ray spectra of
AM1211-465SW and AM0707-273E. The X-ray emission of the three remaining galaxies can be explained by starburst activity.

Key words. Galaxies: active - Galaxies: nuclei - Galaxies: general - X-rays - individual: AM0707-273, AM1211-465, AM2040-
674

1. Introduction

Based on optical surveys, only about 0.1% of all quasars ob-
served have one, or more, nearby quasar companion at the same
redshift (e.g., Kochanek 1995; Hewett et al. 1998). However,
there is a growing number of identifications of true pairs of
quasars or as excellent candidates (see Hennawi et al. 2006 on
SDSS results). Although highly redshifted pairs tend to be in-
terpreted as the result of gravitational lensing by dense objects
in the line of sight, many of them cannot be explained in this
way, and even the spectral features that were supposed to in-
dicate that they were one and the same object have been in-
terpreted as a common feature of all quasars (Mortlock et al.
1999). For these cases the most reasonable interpretation is that
their activity is the result of their interaction. Even though the
interaction of two large galaxies is not always strong enough to
create new supermassive black holes in the cores, it is plausible
that the interaction can refuel the quiescent black holes hosted
by the majority of known galaxies.

Assuming that most of the galaxies host a supermassive
black hole (Kormendy et al. 1997), the key question in our
understanding of AGN formation and evolution would be the
mechanisms that trigger this nuclear activity. Galaxies interac-
tions are thought to be effective in driving the gas from the outer

Send offprint requests to: ejimenez@fis.uniroma3.it
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ence mission with instruments and contributions directly funded by
ESA Member States and NASA.

parts of the galaxy into the circumnuclear region through loss
of the angular momentum induced by tidal forces (Jogee et al.
2005). The inflow of gas could be intercepted by the starburst
activity in the circumnuclear region or could continue falling
into the nucleus feeding the back hole (Shlosman et al. 2005).
However, no direct causal links between the degree of the in-
teraction and the AGN activity have been found up to now.

Recent X-ray detections show that many interacting galax-
ies classified as non-AGN are in fact active (e.g. Maiolino etal.
2003). These findings prove that optical spectroscopy is some-
times inefficient in revealing the presence of an AGN. The X-
ray study of a small sample of binary quasars has revealed that
all of them suffer some degree of absorption and at least half of
them resulted to be Compton-thick (Komossa et al. 2003; Ballo
et al. 2004; Guainazzi et al. 2005). These findings show that a
significant number of AGN pairs might be missed by optical
surveys due to heavy obscuration affecting one (or both) of the
members.

In this paper we have studied the X-ray emission of three
pairs of nearby interacting galaxies observed withXMM-
Newton: AM0707-273, AM1211-465, and AM2040-674. In
the following section we summarize the data analysis of the
observations. All the studied galaxies can be classified as hav-
ing some kind of activity in the central regions. In Sect. 3, we
discuss the origin of this nuclear emission as either starburst
or AGN). The main conclusions of this work are presented in
Sect. 4.

http://arxiv.org/abs/0704.3065v1
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2. Observations and data reduction of the
XMM-Newton data

The three pairs of galaxies (AM0707-273, AM1211-465, and
AM2040-674) were selected from the sample of Sekiguchi &
Wolstencroft (1992) of interacting doubles of comparably sized
galaxies, i.e. with relative sizes of members to be within a
factor of two. The galaxies also present a disturbed appear-
ance in optical and/or IR images proving the interaction. The
pairs present enough projected separation distance to be spa-
tially resolved byXMM-Newton. All six galaxies in the sam-
ple are classified as HII galaxies based on optical and IR data
(Sekiguchi & Wolstencroft 1992).

The details of theXMM-Newton (Jansen et al. 2001) obser-
vations of the pairs of galaxies are summarized in Table 1. The
raw data were processed using the standardScience Analysis
Systems, SAS, v.7.0.0. (Gabriel et al. 2004). The most updated
calibration files available in July 2006 were used for the reduc-
tion of the data. We removed time intervals corresponding to
high background using the method described in Piconcelli et
al. (2004). According to theepaplot SAS task, no significant
pile up was detected in none of the studied sources.

2.1. Imaging analysis

Smoothed images of the galaxy pairs were generated using the
asmooth SAS task applied to thepn images. We applied the
adaptive convolution technique, designed for Poissonian im-
ages, with S/N=10. Figures 1a, 3a, and 5a show thepn 0.2-
8 keV smoothed images of each of the targets. All six galax-
ies were clearly detected in the whole energy band and the
XMM-Newton spatial resolution allowed us to disentangle the
two members in all pairs. In the figures, we have named each
pair member and the separation distances are also indicated.
In Table 2, we collate the locations, the separation distance,
both in arcsec and in kpc for all pairs, the redshift, and the
Galactic equivalent hydrogen column obtained from Dickney
& Lockman (1990). We also produced images in the soft (0.2-
2 keV) and in the hard (2-8 keV) bands.

Radial profiles were produced in the 0.2-8 keV band for
both AM0707- 273 members. Despite of their proximity, which
prevents us from reaching firm conclusions, both sources seem
to be extended when compared with the point-like profile of
MCG-6-30-15 (see Fig. 2). In fact, the AM0707-273E com-
ponent presents a more extended profile than its companion.
This extended nature of the emission gives hints of the merging
process. As seen in Fig. 1, both galaxies show intense nuclear
emission in the hard band.

In the case of AM1211-465, the radial profile indicates that
both sources are point-like in the broad 0.2-8 keV energy band
(see Fig. 4). Both galaxies are detected in the hard energy band.
The AM1211-465NE hard-band image reveals the presence of
a very intense X-ray source. The images show a region of dif-
fuse emission between the sources 10σ above the background,
strengthening the possibility of an effective encounter between
the galaxies, even though its apparent separation is high, 98
kpc. Unfortunately, its weakness and the proximity of the edge

Fig. 1. Smoothedpn images of AM 0707-273 on a logarithmic
scale from 0 to 150 counts . From top to bottom and left to
right: (a) Location and separation distance of the sources su-
perimposed on the smoothed 0.2-8 keV image. (b) 0.2-8 keV
surface brightness contours superimposed on the smoothed 0.2-
2 keV image. Contour levels are at 0.03, 0.2, 1,7, 45, and 285
counts. (c) 0.2-2 keV surface brightness contours superimposed
on the smoothed 2-8 keV image. (d) 2-8 keV surface brightness
contours superimposed on the smoothed 0.2-8 keV image.

Fig. 2. Radial profile of AM 0707-273E (left panel), i.e. inte-
grated net counts normalized versus distance from the center of
the galaxy, and AM 0707-273W (right panel) in the 0.2-8 keV
energy band. Radial profiles of the point-like source MCG-60-
30-15 in the same energy bands are also plotted for comparison.
In both profiles, a local maximum of the normalized net counts
due to presence of the companion is observed around 50′′.

of the CCD to the sources do not allow more accurate analysis
of the shape of this diffuse emission.

Finally, the two galaxies of AM2040-674 are visible in the
soft energy band but AM2040-674N was undetectable in the
hard energy band. The radial profile (Fig. 6) is not conclusive,
due to the proximity of the sources (∼ 50′′) and the low number
of counts detected for the northern member. However, marginal
hints of extended emission are shown in the AM2040- 674-S
radial profile.

2.2. Spectral analysis

We extracted theEPIC spectra for the sources with enough
counts.TheMOS1 and MOS2 spectra were combined in or-
der to increase the signal-to-noise, and the resulting spectra
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Table 1. General properties and details of the observations of the galaxy pairs

Target Obs. ID Obs. date Obs. Mode Filter pn Exp. Net pn CR
(1) (2) (3) (4)

ks count/s

AM 0707-273 0300930201 2005-09-27 FF M
AM 0707-273E 11.33 (2.26± 0.16)× 10−2

AM 0707-273W 11.33 (2.99± 0.18)× 10−2

AM 1211-465 0300930101 2005-09-28 FF T
AM 1211-465NE 12.88 (2.55± 0.05)× 10−2

AM 1211-465SW 5.48 (2.8± 0.3)× 10−2

AM 2040-674 0300930301 2005-09-24 FF T
AM 2040-674N 9.83 (7.1± 1.0)× 10−3

AM 2040-674S 12.22 (1.17± 0.11)× 10−2

Notes: (1)Observations Modes: FF: Full Frame Mode; (2)Observations Filters: T: Thin, M: Medium; (3) Usefulpn exposure;

(4) Netpn count rates in the 0.2-10 keV band.

Table 2. Locations and separation distances for each of the galaxy pairs

Target Coordinates J2000 Separation Redshift nGal
H

RA Dec Arcmin kpc (1) 1020cm−2

AM 0707-273E 07 09 49.′′6 −27 34 35 0.′78 9 a 0.00989±(2× 10−5) 1.7
AM 0707-273W 07 09 46.′′6 −27 34 09 b 0.00989±(2× 10−5)
AM 1211-465NE 12 14 13.′′0 −47 13 45 4.′4 98 c 0.01849±(1.2× 10−4) 8.4
AM 1211-465SW 12 14 52.′′4 −47 16 29 d 0.01848±(1.7× 10−4)
AM 2040-674N 20 45 19.′′8 −67 32 16 0.′82 34 e 0.03249±(9× 10−5) 4.3
AM 2040-674S 20 45 21.′′0 −67 33 04 e 0.03263±(9× 10−5)

Notes: (1) Redshift values obtained from (a) Theureau at al. (2005); (b) Wong (2006); (c) Strauss et al. (1992); (d) Fouque et al. (1992);

(e) Sekiguchi & Wolstencroft (1992)

Fig. 3. Smoothedpn images of AM 1211-465 on a logarithmic
scale from 0 to 350 counts. From top to bottom and left to right:
(a) Location and separation distance of the sources superim-
posed on the smoothed 0.2-8 keV image. (b) 0.2-8 keV surface
brightness contours superimposed on the smoothed 0.2-2 keV
image. Contour levels are at 7, 10, 1, 20, 50, and 150 counts.
(c) 0.2-8 keV surface brightness contours superimposed on the
smoothed 2-8 keV image. (d) 0.2-8 keV surface brightness con-
tours superimposed on the smoothed 0.2-8 keV image.

were analyzed together with thepn one. All pn andMOS1/2
spectra were grouped such that each bin contains at least 20
counts in order to apply the modifiedχ2 minimization tech-

Fig. 4. Radial profile of AM 1211-465NE (left panel) and
AM 1211-465SW (right panel) in the 0.2-8 keV energy band.
Radial profiles of the point-like source MCG-60-30-15 in the
same energy bands are also plotted for comparison.

nique (Kendall et al. 1973) in the spectral analysis. For all
cases, the source extraction region was circular with a radius
chosen to maximize the signal-to-noise ratio and to keep it from
overlapping the extraction region of the companion source.The
background extraction regions were also circular, placed in the
same CCD of the targets and in a field free from other contami-
nation sources. Two of the pairs, AM 0707-273 and AM 2040-
674, show separation between galaxies on the order of 50′′.
For these cases, the extraction radii are 20′′. The fraction of
encircled energy for thepn detector within 30′′ is measured
to be higher than 80% (XMM-Newton User’s Handbook V2.4);
therefore, we did not expect a significant contamination from
the companion source in the spectrum. Only for one of the
galaxies, AM 2040-674N, we did not detect enough counts
to perform a spectral analysis. The spectral analysis was per-
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Fig. 5. Smoothedpn images of AM 2040-674 on a logarith-
mic scale from 0 to 150 counts. From top to bottom and left
to right: (a) Location and separation distance of the sources su-
perimposed on the smoothed 0.2-8 keV image. (b) 0.2-8 keV
surface brightness contours superimposed on the smoothed 0.2-
2 keV image. Contour levels are at 0.0003, 0.003, 0.03, 0.3,
and 3 counts. (c) 0.2-8 keV surface brightness contours super-
imposed on the smoothed 2-8 keV image. (d) 0.2-8 keV surface
brightness contours superimposed on the smoothed 0.2-8 keV
image.

Fig. 6. Radial profile of AM 2040-674S in the 0.2-8 keV energy
band. Radial profile of the point-like source MCG-60-30-15 in
the same energy bands are also plotted for comparison.

formed using XSPECv.12.2.0 (Arnaud 1996). The quoted er-
rors for the fit parameters referred to the 90% confidence level
(i.e.∆χ2 = 2.71, Avni 1976). We assumed a Hubble constant
of 70 kms−1 and a flat cosmology withΩM,Ω∆ = (0.3, 0.7)
(Bennett et al. 2003).

To elucidate the nature of the sources, several spectral mod-
els have been tested for each source spectrum. Table 3 sum-
marizes all the tested models, the values of their parameters,
and the goodness of the fits for each source. Single-component
models (power law or thermalmekal emission) did not pro-
vide a satisfactory fit for any of the spectra analyzed, exclud-
ing the AM1211-465SW spectrum, satisfactorily fitted with a
single power law (see below). We also applied two-component
models to all spectra: a power law and two different thermal

models (mekal and bremsstrahlung). The power-law compo-
nent accounts for either a possible AGN and, in the case of
starburst origin of the emission, for the joint contribution of the
emission from X-ray binaries and a less significant contribution
of Compton radiation that originated in the interaction between
FIR photons with high-energy cosmic rays from SN ejecta. The
thermal model accounts for the joint contribution of the com-
pact stellar-like X-ray sources and the warm and ionized gas
in superwinds. The values of the best-fit parameters span wide
ranges. In particular, the power-law index varies from object to
object in the 1.0 to 2.2 range, when only the best-fit model is
taken into account. The flatter power laws are found for both
galaxies in AM1211-465 and for AM0707-273E. In the two
remaining cases, i.e. AM0707- 273W and AM2040-674N, the
index of the power law is compatible with values. 2.

The excess observed in the soft energy band can be
satisfactorily fitted with thermal emission models. Similar
χ2 values are obtained for the two tested models,mekal
and bremsstrahlung for both members of AM1211-465
and AM0707-273E. Theχ2 values for the mekal and
bremsstrahlung models differ slightly for AM0707-273W and
AM2040-674S. Although the temperatures of the thermal com-
ponents that largely vary from object to object, the values are
compatible with the ones found in nearby interacting systems,
which are well-fitted with temperatures ranging from∼0.15 to
∼0.9 keV (Jenkins et al. 2004 and references therein). The soft
X-ray emission of merging systems is usually well-fitted with
multi-temperature thermal components (Jenkins et al. 2004,
and references therein). Nonetheless, the addition of a second
thermal component to account for the soft emission did not sig-
nificantly improve any of the spectral fits.

The abundances were initially fixed to the solar value. In
general, when they were left free to vary, no bounded values
were found. Only in the case of AM1211-465NE, does a dif-
ferent metallicity from the solar one significantly improvethe
fit, Z=0.030+0.03

−0.018, which makes this model physically indistin-
guishable from thebremsstrahlung model. The fitting analysis
reveals that similar values of theχ2

ν are found for the two dif-
ferent types of thermal models applied.

A neutral absorbing gas-material component was tested to
separately affect each of the spectral components (power law
and thermal emission). In some cases, we found values of the
NH close to zero, so we removed the absorbing component
from the testing model. Only in the case of AM1211-465NE,
was a large equivalent hydrogen column, nH=2.2±0.2 × 1022

cm−2, measured. A large absorption, nH=1.04+0.11
−0.19×1022 cm−2,

affecting the thermal component was measured in AM0707-
273E. For the rest of the objects, in the cases in which an ab-
sorbing component is required, the values found are on the
order of 1021 cm−2. The absence of absorbing material for
AM2040-674S could indicate that the merging process is not
effectively obscuring the systems.

We also systematically tested the presence of neutral Kα

iron line. This feature is expected to be present in highly-
absorbed AGN, and therefore its occurrence would provide ev-
idence of the presence of Seyfert nucleus. A narrow Gaussian
line fixed to 6.4 keV significantly improves theχ2 only in the
AM1211-465 NE spectrum with a confidence level of&98.8%,
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Table 3. Results of the spectral analysis of the five galaxies studied.

Target Model nH Γ/kT nH kT EW(Fe line) Significance Goodness
(1)

1021cm−2 1021cm−2 keV eV

AM 0707-273-E A 1.1± 0.6 1.9+0.3
−0.2 - - - - 33 for 22 dof

B ≤ 0.3 6+4
−2 - - - - 35 for 22 dof

C ∼ 0 1.2± 0.2 10.4+1.1
−1.9 0.143+0.07

−0.002 < 2400 89% 19 for 20 dof
D ∼ 0 1.2+0.2

−0.7 9+20
−8 0.16+0.5

−0.05 - - 21 for 20 dof
E < 1.2 ≥ 7 ∼ 0 0.85+0.2

−0.16 - - 20 for 20 dof
AM 0707-273-W A 2.8+0.7

−0.8 3.1+0.4
−0.3 - - - - 56 for 30

B 0.15 3 - - - - 87 for 30 dof
C 1.3+1.9

−1.1 2.2+0.8
−0.5 5+4

−3 0.43+0.15
−0.2 < 9000 80% 40 for 27 dof

D 2.6+4
−1.5 2.7+0.6

−0.3 3.0± 0.9 0.45+0.17
−0.10 - - 46 for 27 dof

E 0.7+1.5
−0.4 3.6+1.2

−1.0 ∼ 0 0.59+0.08
−0.12 - - 49 for 27 dof

AM 1211-465-NE A 12 1.3 - - - - 531 for 214 dof
B 11 > 80 - - - - 547 for 214 dof
C 22± 2 1.63± 0.10 1.2+1.3

−0.4 0.52+0.11
−0.19 110± 70 98.8% 228 for 209 dof

D 22+5
−3 1.64+0.12

−0.13 4+3
−2 0.25+0.2

−0.14 - - 241 for 211 dof
E 13.1+1.4

−0.5 ≥ 65 ∼ 0 0.40+0.10
−0.06 - - 294 for 212 dof

AM 1211-465-SW A ∼ 0 1.7± 0.2 - - - - 22 for 21 dof
B ∼ 0 8+16

−3 - - - - 26 for 21 dof
C ∼ 0 1.0± 0.5 8.0+7

−1.4 < 0.2 < 3000 72% 14 for 18 dof
D ∼ 0 0.3+0.5

−0.3 < 7 0.6+1.6
−0.4 - - 14 for 18 dof

E 8 > 12 7.9+1.6
−1.3 < 0.3 - - 14 for 18 dof

AM 2040-674-S A 1.1+0.8
−0.6 3.2+0.6

−0.4 - - - - 22 for 12 dof
B ∼ 0 3 - - - - 64 for 13 dof
C ∼ 0 1.9+0.4

−0.2 ∼ 0 0.33+0.18
−0.06 < 4× 106 50% 9 for 11 dof

D ∼ 0 1.4 ∼ 0 0.5 - - 22 for 11 dof
E ∼ 0 7+40

−4 ∼ 0 0.32+6
−0.05 - - 10 for 11 dof

Notes: (1) Model A: wabs*pwlw; Model B: wabs*mekal; Model C:wabs*pwlw+wabs*mekal; Model D: wabs*pwlw+wabs*bremsstrahlung; Model E: wabs*(mekal+mekal).wabs

represents photoelectric absorption (Morrison & McCammon, 1983) andpwlw a power law emission model. The best fit model is marked in boldface.

Table 4. Absorbed fluxes and unabsorbed luminosities for the six galaxies.

Target Flux (0.5-2 keV) Flux (2-10 keV) Luminosity (0.5-2 keV) Luminosity (2-10 keV)
10−14 erg cm−2s−1 10−14 erg cm−2s−1 1041 erg s−1 1041 erg s−1

AM 0707-273-E 2.89+0.11
−1.6 6.9+1.0

−2 33.6+1.3
−20 0.15+0.02

−0.04
pwlw 1.93(70%) 6.9 (∼100%) 0.05 (-) 0.15 (∼100%)
mekal 0.96 (30%) 8×10−4 (-) 33.6 (∼100%) 3×10−4 (-)

AM 0707-273-W 4.3+0.2
−2 3.7+0.6

−1.5 0.375+0.017
−0.17 0.082+0.013

−0.03
pwlw 2.9 (70%) 3.6 (99%) 0.17 (45%) 0.08 (98%)
mekal 1.4 (30%) 0.05(1%) 0.205 (55%) 1.3×10−3 (2%)

AM 1211-465-NE 15.6+0.7
−3 214+13

−17 10.6+0.5
−2 19.4+1.1

−1.5
pwlw 11 (70%) 212 (∼100%) 9.8 (90%) 19.4 (∼100%)
Raymond-Smith 4.6 (30%) 3×10−3 (-) 0.8(∼10%) 0.02 (-)

AM 1211-465-SW 3.4+0.5
−2 12+2

−4 65+10
−40 0.90+0.15

−0.3
pwlw 2.0 (60%) 12 (∼100%) 0.2 (-) 0.90 (∼100%)
mekal 1.4 (40%) 5×10−4 (-) 65(∼100%) 7×10−5 (-)

AM 2040-674-N† 0.9 1.8 0.28 0.43
AM 2040-674-S 1.9+0.3

−0.2 1.7+0.3
−0.7 0.83+0.13

−0.09 0.41+0.07
−0.17

pwlw 1.2 (60%) 1.7 (∼100%) 0.51 (60%) 0.41 (∼100%)
Raymond-Smith 0.7 (40%) 3×10−3 (-) 0.32 (40%) 9×10−4 (-)

Notes:† Upper limits fluxes and luminosities calculated using the net pn count rate measured, i.e. 7.1× 10−3 c/s, and assuming an absorbed

nH =1×1021 cm−2 Γ = 1.8 power law emission model.

according to the F-test. A lower confidence level value, but still
relatively high (∼90%), was found for the galaxy AM0707-
273E. The equivalent width (EW) measured was 110± 70 eV,
fully in agreement with the mean EW of a sample of quasars

observed withXMM-Newton (Jiménez-Bailón et al. 2005).
Upper limits to the EW are calculated in the rest of the objects.

Finally, we tested a double thermalmekal emission model
to explain the whole energy spectrum. The one with the lower
temperature associated with the heated gas related to the su-
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perwinds and the higher temperature one associated with the
collisionally excited gas created by stellar winds and SNe.

The double thermal model is not the best model in any
of the cases; however, the results are still statically accept-
able. Bounded measurements of the temperature can be de-
rived for AM0707-273W and AM2040-674S, (3.6+1.2

−1.0 keV and
7+40
−4 keV, respectively). These values are consistent with those

found for starburst galaxies (Persic & Rephaeli, 2002; Cappi
et al. 1999). For the rest of the objects, i.e. AM0707- 273E,
AM1211-465NE and AM1211-465SW, only lower limits for
the temperature were derived.

Fluxes and luminosities in soft and hard energy bands de-
rived from the best-fit models are given in Table 4. The lu-
minosities of the galaxies in the hard band (2-10 keV) range
from ∼8×1039 to ∼2×1042 ergs/s. In comparison with several
samples of LINER and HII galaxies, these luminosities are in
general above the mean values. Ho et al. (2001) calculated
using Chandra a mean L2−10 keV = 2×1038 erg/s for a sam-
ple of LINER and composite LINER/HII galaxies. Recently
González-Martı́n et al. (2006) calculated a mean L2−10 keV of
3.8×1039 erg/s for a sample of 51 optically selected LINER,
covering the range between 1.2× 1038− 1.5× 1042 erg/s.

The X-ray light curves in different energy bands, i.e. 0.3-
10 keV, 0.5-2 keV, and 2-10 keV, were produced for the five
objects with a sufficient number of detected counts. No signs
of variability within the observation were observed for anyof
the objects.

3. Discussion

It is accepted that merging activity induces starforming
episodes. However, we still do not fully understand the connec-
tion between the origin of the energy budget and the properties
of the involved galaxies, such as the pair separation, the shapes
of the galaxies, or a possible presence of an AGN. In this sec-
tion, we present the X-ray properties of the three interacting
systems and discuss the nature of their emission. We also con-
sider the results in the framework of the scenario of black hole
activation in merging systems (Mortlock et al. 1999). Finally,
we compare our results with the very few other cases where
nearby binary AGN were detected.

3.1. Starburst versus AGN as the origin of the nuclear
X-ray emission

Among the six studied sources, only AM1211-465NE can be
unambiguously classified as an AGN. The imaging analysis
supports a point-like nature. The X-ray luminosity in the hard
band, 1.94+0.11

−0.15 × 1042 ergs/s, is difficult to explain with only
star-formation activity. The value found for the power law in-
dex, 1.63±0.10,also agrees well with the mean values observed
for AGN. Interestingly, the soft excess is preferably fittedwith
a mekal model, but with a very low metallicity, 0.030+0.03

−0.018, or
a bremsstrahlung component. In general, starforming regions
tend to be fitted with higher metallicities (e.g. Stricklandet al.
2004), due to the enrichment of the environment by Type-II
SN, (e.g. Arnett 1995). However, low metallicity values have

been measured (Strickland & Stevens, 2000) in starforming re-
gions. This low value is probably due to an artifact of fittingthe
multi-phase plasma emission with single-temperature models.
The measurement of the equivalent hydrogen column of the
neutral absorbing material, 2.2±0.2×1022 cm−2, is compatible
with typical values found for Seyfert 2 galaxies. If this neutral
material is located in the AGN itself, its origin could be related
to the shielding torus. Another possibility is that the merging
process is causing gas inflows that are effectively obscuring the
nuclear emission. This highly obscuring material could be the
reason for the classification of AM1211-465NE as a HII galaxy
(Corbett et al. 2003; Sekiguchi & Wolstencroft 1992) using op-
tical and IR data. Finally, the detection (98.8% according to the
F-test) of a neutral Fe Kα emission line reinforces the AGN ori-
gin of the nuclear emission of AM1211-465NE. Allowing the
energy of line to vary did not improve the goodness of the fit.
However we measured a value of 6.34+0.14

−0.2 keV, incompatible
with the ionized iron emission line typically at 6.7 keV. In fact,
if the energy of the line is fixed to this value, the addition of
this component does not improve the fit.

On the other hand, the spatial and spectral results on the
both components of the AM2040-674 pair and AM0707-273W
indicates that their X-ray emission can be easily explained
with star-formation processes. The image of AM2040- 674N
shows a diffuse emission visible only in the soft band. Too
few counts are detected for a spectral analysis to be possi-
ble, but upper limits on the soft and hard X-ray fluxes were
derived by assuming an absorbed (nH =1×1021 cm−2) power-
law (Γ = 1.8) emission model (see Table 4). For the other two
objects, AM0707-273W and AM2040-67S, the hard and soft
X-ray luminosities are lower than 1040 erg/s, in the range of
HII and normal galaxies. Moreover, both X-ray spectra can be
fitted with a double thermal component with reasonable val-
ues for the temperatures, although these fits are significantly
worse than power law plus thermal emission models. We de-
rived the star-formation rate (SFR) of these two galaxies us-
ing the empirical relationship with the 2-10 keV luminosity
of Grimm et al. (2003):L2−10keV = 6.7 × 1039SFR. The val-
ues obtained are 1.2M⊙/yr for AM0707-273W and 6.0M⊙/yr
for AM2040-674S. An upper limit, SFR< 6.4M⊙/yr, was cal-
culated for AM2040-674N. According to Kennicutt (1998),
the FIR luminosities derived from these values of the SFR
(SFR(> 0.1M⊙) =

LFIR

5.8×109L⊙
M⊙yr−1) are within the same or-

der of magnitude or even lower than the observed with IRAS.
In particular, the LFIR measured for the AM 2040-674 pair is
2.6 × 10−10 ergcm−1s−1 and the LFIR derived from the SFR of
AM2040-674S is 0.6 × 10−10 ergcm−1s−1. For the AM0707-
273, the observed LFIR is 8× 10−10 ergcm−1s−1, while the LFIR

derived from the calculated SFR is 3.5×10−10 ergcm−1s−1 (see
below for the contribution of AM0707-273E).

The spectral properties of the E member of AM0707-273
are compatible with both an AGN and powerful starburst ori-
gin. The imaging analysis favors the second possibility because
the radial profile suggests an extended emission. The temper-
ature of the mekal plasma, kT=0.143+0.07

−0.002 keV, is compatible
with the typical values obtained for AGN. On the other hand,
the index of the power law, 1.2±0.2 is lower than the typical
values of AGN. Likewise, although the luminosity measured
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for the galaxy, L0.3−10 keV ∼ 2 × 1042 erg/s is high compared
with the X-ray luminosities of normal or HII galaxies, it is in
the soft band where its contribution is higher. This high lumi-
nosity could be an artifact of the high absorbing column asso-
ciated to the thermal component, nH = 1×1022 cm−2. In fact,
we calculated a lower absorption, nH ∼ 2×1021 cm−2, using the
Hα/Hβ ratio obtained from Sekiguchi & Wolstencroft (1992).
We therefore fixed the index of the power law to 1.8 (com-
patible with mean values ofΓ found in both AGN and star-
forming galaxy spectra), leaving the rest of the parametersfree.
Although the value of nH associated to the thermal component
decreased, the soft band luminosity, L0.5−2 keV ∼ 7× 1041 erg/s,
is still high. However, in the hard band, the measured luminos-
ity is only on the order of 1040 erg/s. Although it is a luminous
object in the X-ray band, its nature could also be compatible
with intense starburst activity. If this is the case, the SFRde-
rived from the 2-10 keV luminosity of the source (Grimm et al.
2003) would be 2.2M⊙/yr.

Finally, the results of the analysis of AM1211-465SW are
more ambiguous. The imaging analysis indicates a point-like
emission. The power law is very flat,Γ = 1.0 ± 0.5, and the

total luminosity is L0.3−10 keV ∼ 4× 1042 erg/s, even higher than
the value measured for AM1211-465NE. We also tried to fix
the index of the power law to 1.8. The value of nH associated to
the thermal component decreased slightly, but the luminosity
in the 0.3-10 keV band remains unvaried. In the hard band, the
measured luminosity is also high,∼ 1× 1041 erg/s, higher than
the luminosities observed for HII and LINER but lower than
typical Seyfert 2 luminosities. One possible explanation would
be that the source is a highly absorbed AGN with an equivalent
hydrogen column of 1024 cm−2 or more, which would explain
the low value measured for the index of the power law. We stud-
ied the starforming activity of the source. Based on the hard
luminosity, the SFR derived is 13M⊙/yr. The SFR of AM1211-
465SW is higher than the values derived with the same method
for the classifiedpure starburst galaxies, i.e. AM0707-273W
and both members of AM2040-674, pointing to the possibly
LLAGN nature of this source. In any case, there is no strong ev-
idence of the presence of a luminous AGN in AM1211-465SW
and the X-ray activity is very likely due to a low-luminosity
AGN or a very intense starburst activity.
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3.2. Activation of quiescent black holes

It is widely accepted that optical spectroscopy alone can pro-
vide a misleading classification of galactic nuclei. Indeed, an
extensive study performed withChandra (Maiolino et al. 2003)
revealed that the density of AGN is twice the one estimated
from optical spectroscopic surveys. This misclassification in
the optical studies is associated with their high sensitivity to
obscuration. Interestingly, in merging systems where the pres-
ence of obscuring gas is expected, the detection of elusive AGN
is about 50% of the studied systems in the X-ray band. The
most outstanding example of a binary AGN was discovered by
Komossa et al. (2003) based onChandra observation of the ul-
traluminous galaxy NGC6240. Ballo et al. (2004) suggest that
both galaxies of the merger Arp 299 host an AGN-type nucleus.
Both galaxies were spectroscopically classified as starforming
galaxies or LINER based on optical and mid-IR data. More re-
cently, Guainazzi et al. (2005) observed ESO509-IG066 with
XMM-Newton. The merger system hosts two AGN with X-ray
luminosities of∼ 1043 erg/s. One of the galaxies of the pair was
misclassified as an HII galaxy based on optical and IR observa-
tions (Sekiguchi & Wolstencroft 1992). In this work, the X-ray

properties of the SW component of the AM1211-465 pair sug-
gest an AGN nature for its nucleus. If this is the case, AM1211-
465 would be the fourth example of an AGN pair in a merging
system.

Exhaustive studies of known quasar pairs reveal that the
galaxies, when merging, could become active (Mortlock et al.
1999). The model suggests that when the galaxies reach a cer-
tain distance, tidal interactions cause gas flowing into thecores
of the galaxies switching on the black holes. Taking into ac-
count 16 good candidates to binary quasars, Mortlock et al.
(1999) estimated this activation distance to be in the rangebe-
tween 50 to 100 kpc. When the merger becomes more stable, at
typical distances of 10 kpc, the inflow of gas would cease and
the back holes become quiescent again. The activation distance
range estimated in Mortlock et al. (1999) is based on projected
physical separation that considers different cosmological mod-
els. The authors therefore expect that the binary quasars ex-
ist in very distorted hosts and not in relaxed mergers. The as-
sessment of the critical distance is important for understanding
the processes that lead to nuclear activity in interacting galax-
ies. According to this model, the activation the the two nuclear
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Fig. 11. Observed spectrum, best-fit model, and residuals ofAM 2040-674-S on the left and the unfolded spectrum and the model
in Ef(E) on the right.

black holes can only occur in encounters of galaxies with simi-
lar sizes, since the interaction between dwarf and large galaxies
would result in a single AGN. However, only a small fraction
of quasars have a second nearby quasar because in general the
pairs are in reality gravitational lenses or chance alignments.
Therefore, only a small number of true (or good) candidates of
quasar pairs have been identified so far and most of them have
high redshifts (z=1-2.5).

As a matter of fact, X-ray studies are efficient at discovering
hidden pairs of AGN. Due to a selection effect, all AGN pairs
discovered in the X-ray band are nearby objects. In these cases,
we are therefore able to determine the properties of the host
galaxies, which in many of the distant pairs are not even de-
tected. The three AGN pairs detected in the X-rays, NGC6240,
Arp299, and ESO509-IG066, have an apparent separation dis-
tance in the range of 1.4-13 kpc, lower or close to the minimum
value of the activation distance, i.e. 10 kpc. Only the host galax-
ies of the two former mergers present clearly disrupted shapes.

In this work, we have detected a possibly double AGN sys-
tem, AM1211-465. The apparent separation of the galaxies is
98 kpc, so in this case, close to the upper limit of the activation
distance. Finally, contrary to the Mortlock hypothesis, nosign
of disruption is observed in the X-ray images of any of the two
host galaxies of AM1211-465.

3.3. Comparison with other merging galaxies

Excluding AM1211-465NE and AM1211-465SW, the derived
properties of the rest of the objects are compatible with those
found in other interacting systems where no evidence of AGN
has been found (Jenkins et al. 2005 and references therein).
In general, the X-ray spectrum of the interacting galaxies is
characterized by a power law and a single or a double thermal
component present in the soft energy band. The X-ray (0.3-
10 keV) luminosities are in the range (0.2-5)×1041 erg/s and
are explained by intense starforming activity triggered bythe
merging process. The high-resolutionChandra X-ray images
show that many of the objects host luminous and ultralumi-
nous X-ray sources (ULX). Brassington et al. (2005) find seven

ULX out of 16 point-like sources spread in the merging system
Arp270, and similar results are also observed in other mergers
such as NGC7714/NGC7715 (Smith, Struck & Nowak, 2005)
and Arp299 (Ballo et al. 2004; Zezas, Ward & Murray 2003).
The limited spatial resolution of ourXMM-Newton observation
did not allow the detection of possibly off-nuclear point-like X-
ray sources. Higher resolution images would help to unambigu-
ously determine where the hard X-ray emission of AM1211-
465SW and AM0707-273E originate. Jenkins et al. (2005) find
that theXMM-Newton spectrum of NGC7771 is compatible
with being due to an AGN, although the evidence is not strong.
Its companion galaxy, NGC7770, is classified as a Starburst
galaxy. In this sense, even if only the NE component of the
AM1211-465 system is an AGN, the detection favors the role
of fueling quiescent supermassive black holes in merging sys-
tems and the importance of systematic X-ray studies to unveil
the AGN, obscured by the merging process.

4. Conclusions

In this paper we have presented the X-ray imaging and spec-
tral analysis of three pairs of interacting galaxies, AM0707-
273, AM1211-465, and AM2040-674, observed withXMM-
Newton. Six galaxies were detected and theXMM-Newton spa-
tial resolution allowed us to isolate each member of the pairs.

The images of the galaxies show nuclear and extended
diffuse X-ray emission for all pairs. All the galaxies, except
AM2040-675S, were detected in the hard band. No evidence
of off-nuclear point-like sources were observed in any of the
galaxy pairs. However, the coarse spatial resolution of the
EPIC cameras on-boardXMM-Newton prevents us from mak-
ing strong statements on this point. Hints of merging processes
were observed for AM0707-273 and AM1211-465 in the form
of intergalactic soft X-ray emitting gas. The apparent separa-
tion of the two AM2040-674 galaxies does not allow us to dis-
entangle the emission of the host galaxies from the emission
due to possible disruption of the merging process.

For five (the exception being AM2140-674S) out of the six
galaxies, enough counts were detected to allow spectrum ex-
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tractions and analysis. All the spectra analyzed are complex,
and two components are needed to explain the 0.3-10 keV
emission. The best-fit model for all the sources consists of a
power law, accounting for the bulk of the hard emission and a
thermal mekal or bremsstrahlung component that explains the
ubiquitously observed excess in the soft band. The luminosities
in the 0.3-10 keV band range from (0.4-40)×1041 erg/s.

Optical and IR spectroscopic studies previously classified
the nuclear activity of all galaxies as powered by intense star-
forming processes. TheXMM-Newton data allowed us to un-
ambiguously unveil the AGN nature of AM1211-465NE, mis-
classified in the optical due to its high obscuration. The spec-
trum shows the marginal presence (98.8% according to the F-
test) of the neutral FeKα line, reinforcing the AGN nature of
the source. The spectral properties of its companion galaxy,
AM1211-465SW, are compatible with the presence of an AGN.
If this is the case, AM1211-465 would be the fourth example
of a binary AGN discovered in X-rays. AM0707-273E could
also host a low-luminosity AGN, although the evidence is not
strong. The X-ray classification of the three remaining sources,
AM0707-273W and both members of AM2040-674, as HII
galaxies agrees with the results of other studies in optical/IR.

Our results do not contradict the theory of the activation
of quiescent black holes through the gas accretion triggered by
encounters of galaxies (Mortlock et al. 1999). Although, we
have only found signatures of double AGN in one galaxy pair
(AM1211-465), its projected members’ distance (≃ 100 kpc) is
comparable to the AGN activation radius. Our results also point
to the distance between galaxies in merging systems not being
the only determining parameter in the black hole activation.
However, this type of analysis shows the importance of X-ray
studies of galaxy pairs for accurately determining the nature
of their nuclei, in particular in those suffering high absorption.
Systematic and high-resolution X-ray surveys of galaxy pairs
are important for furthering our understanding of the mecha-
nisms that originate the nuclear activity of AGN, as well as for
a complete demography of them.
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Guainazzi, M., Piconcelli, E., Jiménez-Bailón, E., & Matt, G. 2005,

A&A, 429, L9
Hennawi, J. F., et al. 2006, AJ, 131, 1
Hewett, P. C., Foltz, C. B., Harding, M. E., & Lewis, G. F. 1998, AJ,

115, 383
Ho, L. C., et al. 2001, ApJ, 549, L51
Jansen F., Lumb D., Altieri B. et al. 2001, A&A, 365, L1
Jenkins, L. P., Roberts, T. P., Ward, M. J., & Zezas, A. 2005, MNRAS,

357, 109
Jenkins, L. P., Roberts, T. P., Ward, M. J., & Zezas, A. 2004, MNRAS,

352, 1335
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